showed that ADHD participants made more errors than TDC, but not BD participants. Our main finding advances what is known about the effect of emotional stimuli on response control in children with ADHD. Our results suggesting a positive affective processing bias in children with ADHD compliment emerging literature show that difficulties with emotional processing and regulation may be core features of ADHD. Further, given the observed pattern of results in children with ADHD compared to BD children, our behavioral results suggest the importance of examining differences in the brain-behavior mechanisms involved in affective processing in children with ADHD compared to BD children.
Introduction
During the past two decades, rates of both bipolar disorder (BD) and attention-deficit/hyperactivity disorder (ADHD) in children and adolescents have surged to their highest levels in history. For example, rates of pediatric BD increased 40-fold from 1994 to 2003, and presently 20 % of children and adolescents discharged from psychiatric hospitals are diagnosed with BD [1, 2] . Similarly, epidemiologic data indicate that the prevalence of ADHD has risen from 4-6 % in 2001 to 8-10 % in 2010 [3] . Disentangling whether a child has BD, ADHD or the combination is a common and difficult challenge for clinicians in part due to high rates of comorbidity (e.g., on average 62 % of children with BD also meet criteria for ADHD) [4, 5, 6] . Moreover, criteria for BD and ADHD are often overlapping, and these overlapping Abstract High rates of comorbidity and overlapping diagnostic criteria between pediatric bipolar disorder (BD) and attention-deficit/hyperactivity disorder (ADHD) contribute to diagnostic and treatment confusion. To advance what is known about both disorders, we compared effect of emotional stimuli on response control in children with primary BD, primary ADHD and typically developing controls (TDC). Participants included 7-17 year olds with either "narrow-phenotype" pediatric BD (n = 25), ADHD (n = 25) or TDC (n = 25). Groups were matched on participant age and FSIQ. The effect of emotional stimuli on response control was assessed using the Cambridge Neuropsychological Test Automated Battery Affective Go/ No-Go task (CANTAB AGN). We found a group by target valence interaction on commission errors [F(2,71) = 5.34, p < 0.01, ƞ p 2 = 0.13] whereby ADHD, but not TDC participants, made more errors on negative than positive words [t(24) = −2.58, p < 0.05, r = 0.47]. In contrast, there was a nonsignificant trend for BD participants to make fewer errors on negative versus positive words compared to ADHD and TDC participants. Between-subjects effects symptoms have been implicated in the rising diagnostic rates of both disorders [7, 8] . Specifically, several DSM-V symptoms associated with a manic episode, including distractibility, pressured speech and psychomotor agitation, parallel DSM-V symptoms of ADHD, including being easily distracted, talking excessively and being often "on the go" or fidgeting [9] . Moreover, while irritability is a diagnostic criteria for mania, irritability is also highly prevent in children with ADHD as 71.6 % of children with ADHD [compared to 3.2 % of typically developing control (TDC) youth] present with clinically significant irritability. Taken together, these overlapping symptoms suggest that children with BD and children with ADHD may present with similar behavioral phenotypes between the disorders and these overlapping symptoms cross-cognitive, motor and affective domains [10, 11] . However, there is some evidence for the distinct presentation of BD, namely youth with BD (even those with comorbid ADHD) present with elation, grandiosity, flight of ideas/racing thoughts, decreased need for sleep and hypersexuality which distinguishes them from children with ADHD [12] . Given this diagnostic and assessment challenge, an alternative approach is needed to address this clinical problem, whereby bio-behavioral markers of BD or ADHD augment clinical history, resulting in better, more specific diagnosis and treatment for children.
Toward this end, studies have begun evaluating the brain-behavior interactions underlying affective processing and regulation in youth with either primary BD or primary ADHD. Affect regulation refers to an "individual's ability to modify an emotional state so as to promote adaptive, goal-oriented behaviors and encompasses the processes that allow the individual to select, attend to and appraise emotionally arousing stimuli" [13] . As such, affective processing and regulation involves a complex set of voluntary and involuntary cognitive processes including both "top-down" executive functions, such as attentional and response control (e.g., cognitive control), as well as "bottom-up" processes which appraise and identify the emotional salience of a stimulus (e.g., identification of positive vs. negative emotional stimuli, including faces) [14, 15] . At a neural level, affective processing and regulation involves the interaction of regions involved in early orienting and perception of emotional stimuli, cognitive control regions involved attentional control, response inhibition and motor planning and regions involved in the interface between emotional and cognitive control circuitry [13, 16, 17] . Therefore, affective processing and regulation involves many sub-processing including attentional control, inhibitory control, reward processing and motivation [18] .
Prior work evaluating aspects of affect processing and regulation has shown that both youths with primary BD or with primary ADHD have behavioral deficits on tasks tapping emotional face identification ability vs. TDC youth [19] [20] [21] . When directly compared to either youth with ADHD or TDCs, youths with BD have greater difficulty identifying child happy faces and are more likely than ADHD youth to make these errors on low-intensity, but not high-intensity happy face expressions [22] . While these results suggest happy face identification deficits as a potentially specific bio-behavioral marker of BD in youth, there is clearly a need for additional studies that evaluate other affect regulation processes in youths with primary BD vs. those with primary ADHD.
Beyond emotional face identification, response control (i.e., selective attention and response inhibition) is another critical sub-process involved in affective processing and regulation because it allows an individual to inhibit irrelevant emotional information while simultaneously attending to goal-oriented information [15, 18, 23] . Response control helps modulate the effect of an emotional stimuli on an individual's behavior by helping the individual attend to salient emotional information and regulate their subsequent behavioral responses. While studies have shown that children with either BD or ADHD have deficits on standard measures of response control using basic (e.g., non-emotional) Go/No-Go paradigms, few studies have examined response control in the context of emotionally salient stimuli [10, [24] [25] [26] [27] [28] [29] . This is particularly important as neuroimaging research has shown that children with ADHD have increased neural activation during the processing of emotional stimuli which is distinct from their deficits in cognitive control suggesting that deficits in emotional processing in youth with ADHD go beyond their executive function and cognitive control deficits [30] .
This gap in knowledge could be addressed by utilizing affective Go/No-go (AGN) behavioral tasks that measure how bias in emotional stimuli affect response control; however, few studies have employed the AGN to study individuals with BD vs. those with ADHD. AGN tasks require participants to not only attend and respond to target emotional stimuli (i.e., attentional control), but also inhibit response to distractor information (i.e., response inhibition). The majority of studies using AGN tasks in BD have been conducted in adults. For example, Murphy et al. [31] task showed that manic adults with BD had a bias toward positive stimuli (i.e., faster reaction time to positive vs. negative stimuli), whereas adults with unipolar depression had a bias toward negative stimuli during an AGN. These results suggest differential attention bias toward emotional stimuli for manic compared to depressed adults [31] . Analogous results have been shown when comparing AGN performance in adults with BD in either depressed or manic mood states, further suggesting a mood-congruent attention bias to emotional stimuli for individuals with BD [32] . Less is known about attentional bias to emotional stimuli in euthymic BD individuals, however. While the CANTAB AGN task has never been used in youth with BD, prior research has assessed other subprocesses involved in affective processing (e.g., attentional bias) in youth with BD using other tasks, including the self-referent encoding tasks (SRET). Research examining behavioral performance on a SERT task (i.e., task in which children select yes or no when asked about positive or negative emotional words in relation to themselves) showed that when compared to TDCs, youth with BD demonstrated a negative attentional bias (endorsed and recalled more negative than positive words), and this negative attentional bias persisted at 1-year follow-up [33] . Furthermore, at baseline, this negative attentional bias in children with BD was inversely associated with clinician-assessed depressive symptoms again suggesting the possible role of state on affective processing [33] . In another study, children at risk for BD by virtue of having a first-degree relative with BD recalled more negative than positive words on a SERT vs. TDCs, but also had greater interference from negative words, particularly those with manic-irritable and socially threatening content, on an emotional Stroop task [34] . Taken together, these studies suggest that children with BD may have an attentional bias toward negative emotional stimuli contributing to overarching affective processing deficits.
In individuals with ADHD, literature utilizing AGN paradigms is also limited. For example, Fried et al. [35] showed that ADHD children made more AGN total commission errors, but not omission errors, than TDC youth. However, this study focused on response control rather than affect components of the task (e.g., interaction between emotional stimuli and response control). Also, a study of adults with ADHD showed that participants treated with memantadine had improved response inhibition (AGN performance) at 6-and 12-week follow-up vs. baseline [36] . Despite these preliminary studies, there remain considerable gaps in what is known about AGN task performance in children with BD vs. those with ADHD, including the lack of any prior study that directly compared AGN performance in children with either primary BD vs. primary ADHD (whether with or without TDC participants).
To address this gap and advance what is known about the effect of emotional stimuli on response control, we directly compared AGN task performance in three mutually exclusive groups of children aged 7-17 years old: (1) those with primary BD (n = 25), (2) those with primary ADHD (n = 25) and (3) TDCs without psychopathology (n = 25). While little is known about attentional bias to emotional stimuli in euthymic youth with BD, we hypothesized that BD youth would demonstrate greater bias toward negative emotional stimuli (e.g., faster RT, errors) vs. both ADHD and TDC youths given the prior work in children with BD suggesting attentional bias to negative emotional stimuli [33, 34] . However, we hypothesized that overall, youth with ADHD would have greater overall deficits in response control (e.g., more commission errors) irrespective of emotional salience vs. both BD and TDC youths given significant literature citing deficits in response inhibition in ADHD [28, 29] .
Methods

Participants
Participants included children and adolescents aged 7-17 years old who were enrolled in an institutional review board-approved research study at Bradley Hospital. Written informed parental consent and child assent were obtained prior to participation.
For all participants, psychopathology was assessed using the Child Schedule for Affective Disorders and Schizophrenia, Present and Lifetime version (K-SADS-PL) administered to parents and children separately by either a boardcertified child/adolescent psychiatrist (DPD) or a licensed clinical psychologist (KLK, κ > 0.85) [37] . Comorbidities were assessed using the KSADS-PL, and within the BD group, comorbid diagnoses were assessed by asking about symptoms and impairments during periods of generally euthymic mood so as to avoid counting manic or depressive symptoms more than once.
Inclusion criteria for all participants were: (1) age between 7 and 17 years, (2) English fluency and (3) a consenting parent/guardian. Exclusion criteria were: Wechsler Abbreviated Scales of Intelligence Full-Scale IQ (WASI FSIQ) ≤70; substance/alcohol abuse or dependence within the last 2 months; primary psychosis or autism spectrum disorders; and medical/neurological conditions that mimic either BD or ADHD [38] .
For the BD group (n = 25), inclusion criteria consisted of meeting DSM-IV-TR criteria for BD on the KSADS, including a history of at least one hypomanic (≥4 days) or manic (≥7 days) episode in which the child exhibited abnormally elevated or expansive mood, and three or more DSM-IV criterion "B" mania symptoms [39] . Children presenting with irritable mood only (i.e., without elated or expansive mood) were not included. Therefore, the BD group met Leibenluft's "narrow-phenotype" pediatric BD criteria [40] . Youth with BD were not excluded for comorbid behavioral disorders (e.g., ODD and ADHD) in order to most accurately reflect the pediatric BD population; however, for all children in the BD group, BD was the primary (i.e., most impairing and prevalent symptoms) disorder as assessed via KSADS.
For inclusion in the ADHD group (n = 25), participants had to meet DSM-IV-TR criteria for any ADHD subtype. Participants were excluded from the ADHD group for the presence of any current or lifetime mood (i.e., major depression or BD) or anxiety disorders. However, the presence of comorbid behavioral disorders (e.g., ODD and CD) was not exclusionary.
BD and ADHD participants were allowed to remain on their outpatient medication regimens since this was not a treatment study. Participants taking stimulant medications were asked, but not required, to hold these medications for four drug half-lives before behavioral testing, which is a common practice in clinical care (e.g., weekends and holidays).
For inclusion in the TDC group (n = 25), participants could not have any history of current or lifetime psychiatric illness or substance abuse/dependence nor could there be a history of psychiatric illness in any first-degree relatives.
To reduce group differences, all groups were matched on participant age and FSIQ (within 1 SD = 15 points).
Measures
Overall functional impairment in the BD and ADHD participants was assessed using clinician ratings on the Children's Global Assessment Scale (CGAS) [41] . Additionally, ADHD symptoms were assessed using the Conner's ADHD Rating Scale-Parent Report (T scores from the Inattentive subscale, Hyperactivity/Impulsivity subscale and ADHD index) [42] . For the BD group, current symptoms (e.g., week of testing) of mania and depression were assessed using the Young Mania Rating Scale (YMRS) and Children's Depression Rating Scale (CDRS), respectively [43, 44] . The Children's Behavior Checklist (CBCL) was also completed by parents to assess various internalizing and externalizing difficulties [45] .
CANTAB affective Go/No-Go task
The Affective Go/No-Go task [AGN; Cambridge Neuropsychological Test Automated Battery (CANTAB)] [46] was used to assess information processing bias and response control in the context of positive and negative emotional stimuli. None of the participants in this study had been engaged in prior research using CANTAB. During the task, words (positive valence, negative valence, or neutral) are rapidly presented in the center of the screen. Examples of positively valenced words include "warmth" or "joyful" while negatively valenced words include "mistake" or "burden." Each word is displayed for 300 ms, and there is a 900-ms interval between words. Participants are given a target valence (e.g., positive or negative) and instructed to response to target words of the specified valence by hitting the response button as quickly as possible. In addition to target words, participants are also instructed to withhold response to distractor stimuli (words of neutral or opposite valence than that assigned).
The task consisted of 20 blocks total including two practice blocks. Each block contained 18 trials, nine of which included the target valance and nine of which included the distractor. The 18 non-practice blocks were equally split between having the target valence be positive, negative or neutral. Therefore, there were six blocks (54 trials of target valence; 54 trials of distractor) in which the target valence was positive, six blocks (54 trials of target valence; 54 trials of distractor) in which the target valence was negative and six blocks (54 trials of target valence; 54 trials of distractor) in which the target valence was neutral. Further, the 18 non-practice blocks were divided evenly into "shift" blocks (n = 9) in which the participant was required to inhibit responding to previous targets and instead respond to previous distractors (e.g., NegativePositive), and "non-shift blocks" (n = 9) which required the participant to continue responding to the same target as in the previous trial (e.g., Positive-Positive).
Outcome measures included: (1) correct response latency or response time (RT), (2) commission errors (responses to distractor valence) and (3) omission errors (non-response to target valences).
Analytic strategy
Statistical package for social sciences (version 21.0, SPSS Inc., Chicago, IL) was used for all analyses. Examination of dependent variables (e.g., RT, commission errors and omission errors) showed a normal distribution (ShaprioWilks p > 0.05); therefore, parametric tests were used [47] . Specifically, each dependent variable (RT, commissions and omissions) was analyzed in a 2 × 2 × 3 general linear model repeated-measures analysis of variance (GLM ANOVA) with "shift condition" (shift and nonshift) and target valence (positive and negative) as withinsubjects variables and group (Bipolar, ADHD and TDC) as a between-subjects factor. Main effects, interaction effects and subsequent pairwise comparisons were examined. Significance was set at p < 0.05 with Bonferonni correction for multiple comparisons. Effect sizes for GLM ANOVAs were calculated using partial eta squared (ƞ p 2 ) and for paired t tests using the equation r = √(t 2 /t 2 + df) in which 0.10 = small effect, 0.30 = medium effect and 0.50 = large effect [47, 48] . Post hoc analyses were conducted to explore the effects of comorbid ADHD on results (see Supplement).
Results
Participants
During the week of AGN testing, the BD group was overall euthymic by clinician-administered mood Regarding ADHD symptoms, BD youth had greater levels of parent-reported ADHD symptoms than youth with ADHD [F(1,47) = 4.82, p < 0.05] (ADHD Index T scores: BD: 73.60 ± 11.60; ADHD: 66.83 ± 9.87). Of the 25 BD participants, 18 (72 %) also met diagnostic criteria for ADHD.
Youth in the BD group demonstrated higher levels of overall impairment on the clinician-administered CGAS than youth in the ADHD group [F(1,48) = 13.61, p ≤ 0.001] (BD: 61.52 ± 13.70; ADHD: 75.80 ± 13.67). At the time of testing, one (4 %) participant in the BD group and three (12 %) participants in the ADHD group were taking stimulant medication.
Given that participants were matched on age and FullScale IQ, there were no between group differences on these variables (Table 1) 
CANTAB AGN
All behavioral outcome measures are presented in Table 2 .
Commission errors (responses to distractor valence)
While the three-way interaction between shift condition (e.g., same vs. different emotional valence of target between blocks), target valence (i.e., positive or negative emotional stimuli) and group was not significant, the two-way interaction between target valence and group was significant [F(2,71) = 5.34, p < 0.01, ƞ p 2 = 0.13] (Fig. 1) . Follow-up paired t-tests showed that participants in the ADHD made significantly more commissions on negative 
Results presented as M(SD) or as n (%)
ADHD attention-deficit/hyperactivity disorder, BD bipolar disorder, CDRS Children's Depression Rating Scale, CGAS Children's Global Assessment Scale, FSIQ Full-Scale IQ, KSADS schedule for affective disorders interview, SES socioeconomic status, YMRS Young Mania Rating Scale * p ≤ 0.05 ** p ≤ 0.001 a Data were not available for all participants for these variables: for BD participants (n = 25); for ADHD participants (n = 24) b One participants in the BD group and three in the ADHD group were taking stimulant medication on the day of the assessment There was a significant main effect of shift condition on commission errors [F(1,72) = 9.36, p ≤ 0.01, ƞ p 2 = 0.12] such that participants made more errors in the shift (26.31 ± 12.83) vs. the non-shift (24.87 ± 13.39) condition. There was no main effect of target valence on commission errors.
Tests of between-subjects effects for the model showed a significant effect of group [F(2,72) = 4.60, p < 0.05, ƞ p 2 = 0.11). Pairwise comparisons showed that ADHD made significantly more overall commission errors vs. TDC youth (p = 0.02), but not more than BD youth. BD Note. ADHD=attention-deficit/hyperactivity disorder; BD= bipolar disorder; TDC= typically-developing Control. participants and TDC participants were not significantly different (Fig. 2) .
Omission errors (non-response to target valences)
The three-way interaction between shift condition, group and target valence was not significant. Additionally, there were no significant interactions between shift condition and group, group by target valence or shift condition by target valence. There was a significant main effect of target valence on omission errors [F(1,72) = 4.96, p < 0.05, ƞ p 2 = 0.06] whereby all participants made more omission errors for positive (12.13 ± 8.44) vs. negative valence targets (10.72 ± 8.54). There was no main effect of shift condition. The between-subjects effect was not significant.
Response time
The three-way and two-way interactions for response time were not significant. Results showed a significant main effect for response time as a function of target valence [F(1,72) = 4.53, p < 0.05,ƞ p 2 = 0.06] such that for all participants, response times were faster for positive (435.55 ± 111.50) vs. negative emotional stimuli (448.28 ± 116.21). The between-subjects effect was not significant. Post hoc analyses examining the effect of comorbid ADHD within the BD group (see Supplement for full details).
To explore potential effects of comorbid ADHD on BD group on results, we compared BD participants with comorbid ADHD (BD + ADHD, n = 18), BD participants without comorbid ADHD (BD − ADHD; n = 7), youth with ADHD only (n = 25) and TDC youth (n = 25).
Briefly, for commission errors, results continued to show a significant two-way interaction between target valence and group [F(3,71) = 3.55, p < 0.05]. Follow-up paired t-tests for the BD groups did not reveal a statistically significant group differences for the BD-ADHD group [t(6) = 0.77, p = 0.47, r = 0.30] regarding errors on positive versus negative valence targets. However, for the BD + ADHD group [t(17) = 1.74, p = 0.10, r = 0.39], a nonsignificant trend emerged in which greater errors were observed for positive versus negative valence words (Supplement Fig. 1 ).
Post hoc examination of relationship between AGN variables and dimensional measures of psychopathology
To better understand our findings related to AGN commission errors, we examined the relationship between AGN positive and negative valence commission errors and dimensional measures of psychopathology including: Conners Total ADHD, Inattentive and Hyperactive/Impulsive Indices (T scores), CGAS, YMRS, CDRS and CBCL Depressed/Withdrawn subscale.
Commissions
Commission errors on positively valenced words were significantly positively related to Conners ADHD index (r = 0.35, p < 0.01), Conners Inattention (r = 0.43, p < 0.001), Conners Hyperactivity/Impulsivity (r = 0.28, p < 0.05) and CBCL Depressed/Withdrawn (r = 0.31, p < 0.01) scores.
Commission errors on negatively valenced words were significantly positively related to Conners ADHD index (r = 0.29, p ≤ 0.01) and Conners Inattention (r = 0.37, p ≤ 0.001) scores.
Discussion
The main finding of our study, the first to compare performance on an AGN task in youth with BD, youth with ADHD and TDCs, revealed a significant diagnosis by target valence interaction in which children with ADHD made significantly more commission errors on negative vs. positively valanced words compared to both BD and TDC participants. In contrast, there was a trend for BD participants to make fewer errors on negative vs. positive words compared to ADHD and TDC participants. Furthermore, when the BD group was divided into those with (BD + ADHD) and without ADHD (BD − ADHD), results showed that BD + ADHD participants, but not BD − ADHD participants were likely driving this trend for fewer commission errors on negative vs. positive emotional stimuli (Supplement materials). In addition to the group by target valence interaction, tests of betweensubjects effects revealed a significant main effect of group such that individuals in the ADHD made significantly more overall commission errors (regardless of target valence) than TDC, but not BD, participants. No group main or interaction effects were found for omission errors or response time. Taken together, our results suggest that emotional stimuli have differential effects on response control in children with ADHD versus those with BD.
Our primary finding is that children with ADHD made significantly more commission errors on negative versus positively valanced words compared to both BD and TDC participants. While deficits in response control in children with ADHD are well documented within the literature, few studies have examined response control in the context of emotionally salient stimuli [10, 49, 50] . To our knowledge, only Fried and colleagues have compared ADHD and TDC children using an affective Go/No-Go paradigm (CANTAB AGN task) [35] . Similar to our results, this study found that children with ADHD made significantly more overall commission errors than TDC participants; however, the role of target valence was not reported. Therefore, our work adds to the literature on response control in children with ADHD by suggesting the importance of emotional processing under conditions in which response control is required. Specifically, children with ADHD, but not TDC or BD participants, made more errors when target stimuli were negatively valenced with positive words as distractors than when target stimuli were positive with negative words as distractors. Therefore, in our study, children with ADHD showed a bias toward positively valenced emotional stimuli.
Our results suggesting the impact of emotional stimuli on response control in children with ADHD are interesting in light of recent work arguing that difficulties with emotion regulation and processing may be a core feature of ADHD [13, 15, 51] . From an affective neuroscience viewpoint, emotional processing and regulation involve both top-down attentional and inhibitory control which involve prefrontal regions as well as bottom-up processes such as the identification and appraisal of an emotional stimuli involving subcortical regions (e.g., amygdala, insula and striatum). For example, a prior study examining behavioral inhibition in boys with and without ADHD using a stopsignal task showed that response inhibition accounted for 11 % of the variance in "dysregulated" behavior during an observed frustration task [52] . At a neural level, research by Posner et al. [30] showed that disturbances in emotional processing in ADHD stem from underlying neural alterations that are independent of those associated with impairments in cognitive control. These results suggest that youths with ADHD have emotional processing deficits that are independent of their other deficits in response control. In this study, while behavioral task data on the emotional Stroop did not elicit group differences between ADHD and TDC participants, increased neural reactivity in the medial prefrontal cortex, a neural area associated with regulation of affect, in adolescents with ADHD was related to emotional processing deficits even after controlling for differences in cognitive control. In the context of prior work, our results may suggest emotional processing deficits in children with ADHD involve alterations in prefrontal-striatal regions given the observed impact of emotional stimuli on response control deficits. Future research is needed to extend our behavioral findings and examine the effect of emotional stimuli on response control deficits at a neural level in children with ADHD compared to TDC children and those with other forms of psychopathology.
While not wanting to over-interpret a nonsignificant trend, our results suggest a trend of small effect for BD participants to demonstrate a greater bias toward negative emotional stimuli than positive emotional stimuli. This pattern is consistent with prior behavioral studies of AGN tasks in BD adults. Specifically, using the CANTAB AGN, Murphy and colleagues showed that manic patients demonstrated a bias to positive affective stimuli (e.g., faster response time), whereas depressed patients showed a bias toward negative affective stimuli suggesting possible differences in response control and affective processing between mania and depression [31] . As a follow-up study, Garcia-Blanco et al. [32] compared AGN performance in BD adults who were either depressed (n = 22), euthymic (n = 28) or manic (n = 30) and healthy controls (HC). Results showed a target valence by group interaction in which depressed participants showed faster RT for negative vs. positive words, while manic patients demonstrated faster RTs for positive rather than negative words [32] . The authors suggested that attentional biases to emotional stimuli may be related to state rather than trait functioning. Furthermore, in a subsequent study, Roiser et al. [53] tested this possibility by examining the effect of mood state on AGN performance in adults with BD vs. HCs by using positive mood induction prior to AGN performance. Results showed that after positive mood induction, adults with BD made significantly more commission errors to negative emotional stimuli than positive emotional stimuli than HCs, indicating a positive emotional bias [53] . Interestingly, even when adults with BD are considered to have stable mood (i.e., no increase in depressive or manic symptoms), AGN performance compared to healthy controls suggests a tendency for adults with BD to attend more readily to negatively valenced information compared to material with less emotional content (e.g., neutral stimuli) and that positively valenced stimuli may process less efficiently (i.e., worse ability to discriminate and response accurately to positive stimuli and increased reaction time) [54] . The effect of mood state on commission errors during AGN performance could suggest the importance of limbic circuitry in affective processing in children and adults with BD.
Furthermore, it should be noted that when we compared those with BD and ADHD to those with BD alone (Supplement), it was the comorbid BD and ADHD group, rather than the BD only group that appeared to drive the results suggesting that greater positive compared to negative valence errors. As youth in the BD + ADHD group were more likely to be symptomatic rather than euthymic, mood state may have influenced these results. Thus, further work is needed to examine the role of mood state in AGN performance in youth with BD, although this is beyond the scope of our current study since the majority of our BD participants were euthymic.
Regarding clinical applications, our results suggest the importance of emotional processing deficits in children with ADHD. Over the past decade, there has been a growing recognition that children with ADHD demonstrate increased emotional lability and decreased emotion regulation ability compared to TDC children [13] .
Further, emotion regulation deficits mediate the relationship between ADHD and depressive symptoms in children suggesting the importance of comprehensive assessment and treatment for difficulties with emotional processing and regulation in children with ADHD [55, 56] . As children with ADHD made significantly more overall commission errors than TDC children, it may be that in the wake of emotionally salient information, children with ADHD have increased difficulty attending to task relevant information. In the context of their daily lives, such difficulties with attending and response control in the presence of emotional stimuli could result in missed information and poor decision-making by children with ADHD. In contrast, in children with BD, a negative processing bias even when euthymic may suggest the need for intensive cognitive behavioral treatment (CBT) such as cognitive restructuring of automatic negative thoughts regardless of current mood state.
Our study has a number of limitations, including some mood state heterogeneity and concomitant medication use within the BD group and absence of comorbid mood/anxiety disorders in ADHD participants. First, as noted previously, there was heterogeneity in the mood state of our BD participants. While the BD sample was euthymic overall, some participants were in mixed, depressed or hypomanic states by rating scales, with none manic, therefore, complicating the effect of mood state on our results. A second limitation is that the majority of our BD participants (84 %; 21/25) were taking their usual psychotropic medications at the time of assessment, and potential post hoc analyses of unmedicated BD youths would be underpowered. Prior studies have not examined the effect of medication on AGN performance. However, further work is needed to determine whether the effect of emotional stimuli on response control on the AGN is improved when mood symptoms treated. Finally, as noted previously, our ADHD sample did not have comorbid mood and anxiety disorders because it was meant as a psychiatric control group to balance the high rates of comorbid ADHD in the BD sample. As such, our ADHD findings may be specific to ADHD, though they may not generalize to ADHD participants more broadly given high rates of psychiatric comorbidity associated with ADHD. Future studies should examine the role of comorbid mood and anxiety problems in children with ADHD in relation to performance on behavioral affective processing tasks in order to clarify this question.
In sum, our results comparing AGN performance in youth with BD, youth with ADHD and TDCs suggest a positive processing bias in ADHD children compared to TDCs and a nonsignificant trend for a negative processing bias in children with BD. Interestingly, our results showed this negative processing bias in BD youths who were mostly euthymic suggesting the presence of these deficits regardless of mood state in contrast to prior literature. Taken together, our behavioral results coupled with prior neuroimaging studies of affective processing in youth with ADHD vs. BD may suggest that different neural mechanisms are implicated in the pathophysiology of these disorders.
